Upper gastrointestinal bleeding is a common gastrointestinal emergency. Despite advances in risk factor modification and preventive strategies, upper gastrointestinal bleeding remains common, affecting up to 100 to 170 per 100,000 adults annually, with an associated mortality of 5 % to 14 % [1]. The hospitalization rate for upper gastrointestinal bleeding is estimated to be six-fold higher than that of lower gastrointestinal bleeding [2] . Multiple risk factors have been described for upper gastrointestinal bleeding, including Helicobacter pylori infection, nonsteroidal anti-inflammatory medication use, chronic liver disease, and antiplatelet/anticoagulant medication use [3] . The most common causes of upper gastrointestinal bleeding include (in approximate descending order of frequency): gastric and duodenal ulcers, esophago-gastric varices, erosive esophagitis, erosive gastritis, portal gastropathy, vascular ectasia, mass lesions and Mallory-Weiss syndrome [4, 5] . In approximately 10 % of cases, no source of bleeding can be identified.
ABSTR AC T
Background and study aims We analyzed NIS (National Inpatient Sample) database from 2007 -2013 to determine if early esophagogastroduodenoscopy (EGD) (24 hours) for upper gastrointestinal bleeding improved the outcomes in terms of mortality, length of stay and costs.
Patients and methods Patients were classified as having upper gastrointestinal hemorrhage by querying all diagnostic codes for the ICD-9-CM codes corresponding to upper gastrointestinal bleeding. For these patients, performance of EGD during admission was determined by querying all procedural codes for the ICD-9-CM codes corresponding to EGD; early EGD was defined as having EGD performed within 24 hours of admission and late EGD was defined as having EGD performed after 24 hours of admission.
Results A total of 1,789,532 subjects with UGIH were identified. Subjects who had an early EGD were less likely to have hypovolemia, acute renal failure and acute respiratory failure. On multivariable analysis, we found that subjects without EGD were 3 times more likely to die during the admission than those with early EGD. In addition, those with late EGD had 50 % higher odds of dying than those with an early EGD. Also, after adjusting for all factors in the model, hospital stay was on average 3 and 3.7 days longer for subjects with no or late EGD, respectively, then for subjects with early EGD.
Conclusion Early EGD (within 24 hours) is associated with lower in-hospital mortality, morbidity, shorter length of stay and lower total hospital costs.
Esophagogastroduodenoscopy (EGD) has invaluable diagnostic and therapeutic utility in upper gastrointestinal bleeding. It is the modality of choice for identifying the etiology of upper gastrointestinal bleeding given its high sensitivity and specificity, along with the ability to achieve therapeutic hemostasis and prevent rebleeding in most patients [6 -8] . However, the benefit of early endoscopy (EGD within 24 hours) remains unclear, with studies showing variable results. A retrospective study of a community-based practice of 909 hospitalized patients found a reduction in length of stay in all patients who underwent early endoscopy, and a reduction in the risk for recurrent bleeding and surgery in high-risk patients (those with ulcers or tears with active bleeding, arterial spurting, or a visible vessel, and a history of bleeding esophageal or gastric varices) [9] . Another observational cohort study of 3800 patients admitted with upper gastrointestinal bleeding showed similar benefits, while another population-based study found a reduction in length of stay and need for surgery [10] . One previous analysis of national inpatient data found that early EGD was associated with lower risk of mortality [11] . However, other studies did not show improved outcomes. In a retrospective analysis of 502 patients in Canada, for example, patients who underwent endoscopy within 24 hours had higher rates of mortality and need for surgery than those who underwent endoscopy > 24 hours after presentation [12] . Another national study of over 4000 patients in the UK found no improvement in mortality or need for surgery in patients who underwent early (< 12 hours) endoscopy, however, they did have shorter length of stay and there was a trend toward lower rebleeding rates in high-risk patients [13] .
Multiple guidelines currently recommend endoscopy within 24 hours of presentation for non-variceal upper gastrointestinal bleeding [14 -16] Use of early endoscopy has increased in a previous national database analysis, along with a reduction in mortality for patients hospitalized with upper gastrointestinal bleeding, however, this study did not investigate the association between early endoscopy and mortality [17] . In addition, this analysis found that despite increased rates of endoscopy over time, only 54 % of patients underwent endoscopy within 24 hours in 2009. Other studies have also found that a significant proportion of patients fail to undergo endoscopy within 24 hours [18, 19] . Hence, utilizing a nationwide database, we aimed to: 1) compare mortality during hospitalizations in those who received early EGD (< 24 hours) or delayed EGD (> 24hours) for upper gastrointestinal bleeding, as well as those who did not undergo EGD; 2) compare the length of hospitalization, need for blood transfusion, and incidence of acute renal failure and other complications among the 3 groups; and 3) Compare the impact of early vs delayed EGD on the total costs of hospital stay in patients with upper gastrointestinal bleeding
Patients and methods

Study design and data source
This was a retrospective longitudinal study of admissions to acute care hospitals for upper gastrointestinal bleeding. Data on hospital admissions of all adult patients (18 years or older) were extracted from the National Inpatient Sample (NIS) from 2007 to 2013. The NIS is the largest publicly available all-payer inpatient discharge database in the United States. Developed and maintained by the Agency for Healthcare Research and Quality, it comprises a 20 % sample of all inpatient discharges from US hospitals meant to be representative of nationwide acute care hospitalizations. The database contains de-identified information regarding each hospitalization, including demographic characteristics, admission status, comorbidities, discharge diagnoses, procedures, outcomes, and costs of hospitalization. Patients admitted under observation status and patients admitted to short-term rehabilitation hospitals, longterm non -acute care hospitals, psychiatric hospitals, and alcoholism or chemical dependency units are not included.
Study population
We used International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes to identify all hospitalized adults aged at least 18 years who were discharged with a diagnosis of upper gastrointestinal bleeding, during 2007 through 2013.
The patients have listed a primary discharge diagnosis and up to 24 secondary discharge diagnoses. The patients can also have up to 15 procedure codes associated with the discharges. This database also describes the day the procedure was conducted.
Patients were classified as having upper gastrointestinal bleeding by querying all diagnostic codes for the ICD-9-CM codes corresponding to upper gastrointestinal bleeding. For these patients, performance of EGD during admission was determined by querying all procedural codes for the ICD-9-CM codes corresponding to EGD; early EGD was defined as having EGD performed within 24 hours of admission and late EGD was defined as having EGD performed after 24 hours of admission. Patients with multiple EGDs during the same admission were classified based on when the first procedure was done. All diagnostic and procedural codes used for classifications are found in Appendix 1.
Definition of Variables, comorbidities, and other covariates
The NIS contains demographic information on all hospitalizations, including age, gender, race and, primary and secondary insurance. Patient's comorbidity was adjusted. The Healthcare Cost and Utilization Project (HCUP) Comorbidity Software was used to generate Elixhauser comorbidities from ICD-9 CM diagnosis codes (https://www.hcup-us.ahrq.gov/toolssoftware/comorbidity/comorbidity.jsp). A modified Charlson Comorbidity Index (CCI) was calculated using the NIS Disease Severity Measure files. Several modifications were performed because not all 22 comorbidities are coded into the NIS database: 1) history of myocardial infarction was omitted and 2) liver disease was given an adjusted weight of 2 points rather than 1 for mild disease and 3 points for moderate to severe disease.
Apart from the comorbidities scored by the CCI, we also identified the presence of specific comorbidities that may play an important role in the severity of bleeding. Indicators of se-verity of bleeding such as hypovolemia/shock, acute renal failure and need for dialysis, respiratory failure, as well as the frequency of various supportive interventions as surrogate indicators of hemodynamic status, such as endotracheal intubation, were also noted and used as covariates in multivariate analysis of the outcomes by using the ICD-9-CM codes.
Outcomes
We analyzed the following outcomes: 1) prevalence of upper gastrointestinal bleeding in hospitalizations, 2) timing of endoscopy in admissions associated with upper gastrointestinal bleeding, 3) in-hospital mortality in admissions with upper gastrointestinal bleeding in respect to timing of endoscopy; and 4) Length of stay and hospitalization charges associated with upper gastrointestinal bleeding in respect to timing of endoscopy.
Statistical analysis
Data are presented as mean ± standard deviation for continuous variables or weighted frequency (%) for categorical factors. A univariate analysis was performed to assess differences between the 3 groups (no EGD, early EGD and late EGD); continuous variables were compared using t-tests and categorical variables were compared using Rao-Scott chi-square tests. In addition, multivariable analysis was performed to assess differences between the groups in terms of the outcomes of interest while adjusting for patient and hospital characteristics. Logistic regression analysis was used to model mortality and linear regression analysis was used for length of stay and total costs. NIS is based on a complex sampling design that includes stratification, clustering and weighting; SAS Survey procedures facilitate the unbiased assessment of population estimates. A P < 0.001 was considered statistically significant because of the large sample size; this significance criterion has been used by previous NIS studies. All analyses were performed using SAS (version 9.4, The SAS Institute, Cary, NC).
Results
From the NIS database dated 2007 to 2013, a total of 2,066,707 adult patients (older than 18 years of age) were identified as having the primary discharge diagnosis of upper gastrointestinal bleeding. Among these patients, 1,735,116 (83.96 %) had undergone EGD during the admission, while 331,591 (16 %) did not have an EGD. Of the patients who underwent EGD, 1,020,744 were noted to have had an early EGD (within the first 24 hours), while 714,372 had delayed EGD ( > 24 hours).
▶ Table 1 presents the various etiologies of upper gastrointestinal bleeding among the hospital admissions. Bleeding peptic ulcer was the by far the most common cause of upper gastrointestinal bleeding making up almost 50 % of the patient population. Much less common causes of upper gastrointestinal bleeding, such as Dieulafoy lesions, comprised 1.9 % of the studied subjects.
▶ Table 2 shows the basic characteristics and demographics of the 3 studied groups (early EGD, delayed EGD, no EGD). Patients in the delayed EGD group were older with a mean age of 67.6 ± 0.11 years, compared to 64.0 ± 0.09 years in the early EGD group and 63.9 ± 0.13 years in the no EGD group (P < 0.001). Patients in all groups were more likely to be men and ▶ ▶ to have Medicare. Patients who underwent delayed EGD had a higher CCI than the other two groups (P < 0.001). The proportion of patients with a CCI of 3 or more in the delayed group was 76 % as compared to 61.4 % in the early EGD group and 69.1 % in the no EGD group (P < 0.001).
The rates of adverse events (AEs) also varied among the groups as shown in ▶ Table 3 . Endoscopic therapy was found to be more common in patients who underwent early EGD (43.8 %) compared to the delayed EGD group (31.6 %) (P < 0.001). Patients who did not undergo EGD were less likely to get blood transfusions (33.7 %) as compared to those who underwent early EGD (55.0 %) and delayed EGD (51.6 %). Patients who underwent early EGD were less likely to have hypovolemia and shock than the other groups (13.7 % in the early EGD group, with 14.2 % and 14.9 % in the delayed and no-EGD groups respectively). Acute respiratory failure was more likely in the no-EGD group at 10.9 %, than 8.3 % in the delayed EGD group and 5.2 % in the early EGD group (P < 0.001). Patients in the delayed EGD group were more likely to develop acute renal failure (27.0 %) as compared with the no-EGD group (24.5 %) and the early EGD group (16.7 %) (P < 0.001).
Outcomes
Mortality
The primary outcome of the study was in-hospital mortality. Mortality was found to be significantly higher in the delayed EGD group as compared to the early EGD group (4.2 % vs 3.0 % P < 0.001) (▶ Table 3 ). Mortality was much higher in the no-EGD group (8.5 %) compared to the early and late EGD groups (P < 0.001).
On multivariate analysis, patients who did not undergo EGD were 3 times likely to die compared to those who underwent early EGD (OR 3.0; 99.9 % CI 2.8 -3.2; P < 0.001) (▶ Table 4 ). Also, those who had a delayed EGD were 1.4 times more likely to die compared with early EGD patients (OR 1.4; 99.9 % CI 1.3 -1.5; P < 0.001). Patients with a CCI of 4 or more had an over 4-fold chance of mortality compared to those with a CCI of 0 (OR 4.4; 99.9 % CI 3.7 -5.1; P < 0.001). Other risk factors associated with a higher in-hospital mortality for upper gastrointestinal bleeding on multivariate analysis included male sex (OR 1.4; 99.9 % CI 1.3 -1.5; P < 0.001), Hispanic ethnicity (OR 1.1; 99.9 % CI 1.0 -1.2; P < 0.001), insurance other than Medicare (OR 1.4; 99.9 % CI 1.2 -1.6; P < 0.001), weekend admission (OR 1.1; 99.9 % CI 1.0 -1.2; P < 0.001), and admission to a large (OR 1.3; 99.9 % CI 1.2 -1.5; p < 0.001), urban (OR 1.3; 99.9 % CI 1.1 -1.5; P < 0.001) teaching hospital (OR 1.4; 99.9 % CI 1.2 -1.4; P < 0.001). Interestingly, black race was associated with a lower risk for in-hospital mortality (OR 0.9; 99.9 % CI 0.8 -0.9; P < 0.001).
Length of hospital stay
Length of hospital stay was found to vary among the three groups as well. Patients who underwent early EGD had a shorter length of stay compared to the delayed EGD and no-EGD groups (4.6 vs 8.5 vs 7.6 days, respectively; P < 0.001) (▶ Table 3 ) On multivariate analysis, hospital stay was 2.9 days longer for patients who did not undergo EGD compared to patients who underwent early EGD (99.9 % CI 2.7 -3.2; P < 0.001). Patients who underwent delayed EGD were in the hospital for 3.7 days longer compared to early EGD patients (99.9 % CI 3.5 -4.0; P < 0.001). Severity of upper gastrointestinal bleeding as determined by the CCI score was found to be a predictor of length of stay. A CCI score of 1 was associated with 1.3-day increase in length of stay (99.9 % CI 1.08 -1.5 P < 0.001). Additional CCI points were associated with a gradual increase in length of hospital stay. Reaching a CCI of 4 was an associated 3.8-day increase in length of stay (99.9 % CI 3.5 -4.1; P < 0.001) as compared to a CCI of 0 (▶ Table 5 ).
Hospital cost
The increase in mean hospital costs correlated with increasing disease severity as measured by the CCI, as well as delayed EGD compared to early EGD. Total charges were significantly higher in the delayed EGD group and no-EGD group compared to the early EGD group ($ 66775.5 ± 1143.8 vs $ 64023.9 ± 1561.8 vs ▶ when compared with the early EGD group (▶ Table 6 ). Cost of stay was also impacted by the severity of upper gastrointestinal bleeding. A CCI score of 1 was associated with a $14801.58 increase in the cost of hospital stay as compared to a CCI score of 0 ▶ 
Discussion
This nationwide inpatient database study shows that early EGD was associated with lower morbidity and mortality as compared to delayed EGD or no EGD. Patients who underwent early EGD had lower incidence of acute renal and respiratory failure. In addition, the overall costs, including the costs of the procedure, and length of hospital stay were much higher in patients who did not undergo early EGD. Acute upper gastrointestinal bleeding is a true gastrointestinal emergency [20] . Previous data found mortality associated with upper gastrointestinal bleeding ranging from 3.5 % to 10 % [15] . However, analysis of more recent nationwide data found the mortality associated with upper gastrointestinal bleeding has been decreasing over the past 2 decades, down to 2.1 % in 2009 [17] . Multiple guidelines recommend endoscopy within 24 hours for patients with upper gastrointestinal bleeding [14 -16] . Endoscopic intervention in patients with upper gastrointestinal bleeding is associated with a reduction in blood transfusion requirements, length of intensive care unit stay, and total hospital stay [15] . A nationwide database analysis found that rates of early EGD have been increasing over the past 20 years [17] .
Our study found a significant reduction in mortality associated with early EGD as compared to delayed or no EGD. A previous nationwide analysis found reduction in mortality in concordance with an increase in early EGD in upper gastrointestinal bleeding over the past 20 years leading up until 2009 [17] . In addition, another analysis of nationwide data prior to 2007 also found a reduction in mortality with early EGD [11] . Our study adds to these results by including more recent inpatient data, and controlling for other risk factors using logistic regression to detect the association of lower mortality with early EGD, as compared to delayed EGD or no EGD. Performing early EGD may be associated with lower mortality rates for multiple reasons, including earlier time to endoscopic therapies to control active bleeding and subsequently reduce need for transfusions and other supportive therapies, such as vasopressors, and risk stratification of high-risk and low-risk lesions, which may triage patients to either more aggressive interventions in high-risk lesions or earlier discharge in low-risk lesions.
Our study also found a lower rate of complications, such as renal failure and respiratory failure, in patients who underwent early EGD. Early EGD has been previously found to reduce the risk of recurrent bleeding, transfusion requirements [21] and the need for emergent surgery especially in patients with high-risk stigmata for upper gastrointestinal bleeding [9] . Cooper et al have also shown that early endoscopy is associated with a clinically significant, although not statistically significant, lower risk of recurrent bleeding after adjusting for confounding factors [9] .
Early EGD also has benefits in reducing length of stay and hospital costs. In our analysis, early EGD was associated with a reduction by over 3 days of hospitalization compared to both delayed and no EGD. This may be for several reasons, however likely bleeding lesions may be effectively treated and stopped sooner, leading to faster recovery and low-risk lesions may be identified sooner, leading to earlier discharge. This in turn can lead to an overall reduction in costs of the associated hospitalization. This is consistent with previous studies that have found a reduction in length of stay with early EGD [21, 22] .
Previous studies have found that EGD can help in deciding if the patient has low-risk stigmata for recurrent bleeding and thus helps in deciding if we can safely discharge a patient home with follow up as an outpatient [15] . In a study by Cipolletta et al [23] , 464 patients who had acute upper gastrointestinal bleeding underwent EGD within 12 hours of hospital admission, of whom 95 patients were randomized to outpatient versus inpatient management. No difference in the clinical outcome was noted between the 2 groups. Thus, this study helps delineate the role of early EGD in deciding outpatient versus inpatient management. In addition, in this study, the median cost was $ 340 in the outpatient group versus $ 3940 in the inpatient group [23] . Lai et al have also shown this in their retrospective study in which patients with clean base ulcer were stable for discharge on the day of procedure, without an increased risk for rebleeding [24] . Based on these results, early EGD seems to help in reducing the substantial burden imposed on health care resources without adversely affecting the patient outcome.
In addition to reducing inpatient costs, early EGD also reduces costs in the outpatient arena. This has been also been reported by Lee et al, where they showed that a patient population who underwent early endoscopy had lesser post discharge unplanned physician visits [25] .
Although diagnostic endoscopies and endoscopic therapies have become more frequently utilized in patients who present with upper gastrointestinal bleeding, the timing of EGD varies significantly. Previous studies have found improved rates of early endoscopy, however, al bare majority of patients receive EGD within 24 hours [17 -19] . In our study, only 59 % of patients who received an EGD had it within the first 24 hours. Considering the benefits of early EGD, protocols should be set regarding the timing of EGD in patients with acute non-variceal upper gastrointestinal bleeding, as many a times, timing alone often dictates clinical success. Early EGD provides the benefit of achieving early hemostasis in high-risk patients whereas lowrisk patients benefit by avoiding prolonged hospitalization. Similarly, it has been shown that late EGD offers no additional benefit over standard medical management [21] . Various reasons exist for why patients may not receive EGD within 24 hours, especially in a large database analysis such as our study, including weekend admissions, incorrect diagnoses, and patients who may have been classified as low enough risk to not require EGD. There may also be patient-related factors that could delay EGD, specifically certain co-morbidities, such as severe cardiopulmonary instability or coagulopathy, which may be unavoidable and require correction prior to EGD. Lastly, certain disease factors in upper gastrointestinal bleeding may necessitate radiographic or surgical intervention preferentially to EGD. Overall, a protocol-based approach for upper gastrointestinal bleeding stressing early EGD, with establishment of a gastrointestinal rapid response team available after hours and on weekends, may not only be cost-effective but also better for patient safety and outcomes.
Our study has several strengths, in that it included a large sample size of representative hospital admissions for the United States over a recent period of time (2007 -2013) , and thus should largely reflect current practice. However, in interpreting the findings of our study, several potential limitations should be kept in mind. First, the study wasbased on ICD-9 CM discharge diagnoses, so there is a possibility of incorrect classification. Second, the study was based on discharge diagnosis, and information on the endoscopic findings was not available. Hence, we could not separate the patients into low-risk and high-risk categories based on stigmata of recent hemorrhage. Third, our study was based on hospitalized patients. It did not reflect patients who underwent outpatient endoscopy for upper gastrointestinal bleeding that might have prevented hospitalization.
Lastly, a significant potential limitation is the retrospective nature of the study, and given that, we can only report the association of early EGD with improved outcomes and we cannot infer causality. Specifically, there exists the potential for confounding factors in the delayed and no-EGD groups that led them to have either delayed or no EGD. As mentioned above, these patients could have had underlying co-morbidities, such as severe cardiopulmonary instability or coagulopathy, preventing them from undergoing EGD in a timely manner, or they might have had severe or complicated disease requiring alternative therapies be performed such as angiography, TIPS or surgery. In that case, poor outcomes may have been related to the underlying severity of illness, as opposed to lack of intervention. Alternatively, patients could have had very mild upper gastrointestinal bleeding that did not warrant an EGD. We were unable to adjudicate whether these 2 groups balanced each other out given the retrospective nature of our analysis, thus the possibility exists that the higher rate of AEs in the delayed EGD group were not in fact related to a lack of intervention, but to a patient's underlying disease or comorbidities. Due to these limitations, further large-scale retrospective and, more importantly, prospective studies should be undertaken in order to assess outcomes based on timing of EGD, ideally in similarly matched patient groups based on clinical status, underlying comorbidities, and whether their gastrointestinal bleeding was severe or complicated such that it may have required radiographic or surgical intervention.
Conclusions
Early EGD (within 24 hours) is associated with lower in-hospital mortality and morbidity as compared to delayed EGD or no EGD in-hospital admissions for upper gastrointestinal bleeding. In addition, early EGD is associated with shorter length of stay and lower total hospital costs. Despite multiple guidelines recommending early EGD, the rate of early EGD remains inadequate. Future protocols should be developed to incorporate early EGD in order to improve patient, hospital, and economic outcomes. Given this study is retrospective, we cannot determine that early EGD was the causal driver of improved outcomes, thus future prospective studies will be required to confirm this finding.
